Introduction {#s1}
============

Bycatch, including entanglement in nets and ropes, is the unintentional capture of non-target species in fishing gear. Each year, hundreds of thousands of whales, dolphins, and porpoises die from incidental capture ([@B1]) and many more will survive and suffer from interactions with fishing gear ([@B2]). Not only is bycatch a significant conservation issue for a number of species globally, it is a serious and considerable welfare issue.

An International Whaling Commission (IWC) Welfare Workshop held in 2016 ([@B3]) emphasized that entanglement in fishing gear is the most significant threat to wild cetacean welfare. Bycatch has wide reaching welfare consequences, affecting quality of life ([@B4]--[@B6]) for the many whales, dolphins, and porpoises that become injured or suffer the loss of conspecifics. As sentient and highly intelligent beings, cetaceans are considered to be in the highest category on a scale of sensibility to pain and suffering, in the same category as primates and carnivores ([@B7]).

Our understanding of the welfare implications of cetacean bycatch has increased, but no quantitative assessment and comparison of the extent of mortality, or the scale of morbidity and welfare implications for bycaught cetaceans between different fisheries exists ([@B2]). In this regard, the welfare of bycaught cetaceans is decades behind farm animal welfare and slaughter ([@B8]). The animal welfare consequences of the incidental capture of cetaceans and other protected marine wildlife would not be tolerated in terrestrial farming practices ([@B9]). Commercial scale fishing is the last human activity targeting wildlife (fish) where slaughter includes incidental take of other large sapient wildlife on such a regular basis and on this scale. Yet, there have been insufficient changes in fisheries management practices and, in general, inadequate effort to reduce the numbers of cetaceans caught in nets generally \[for example, ([@B10]--[@B12])\].

Typically, the focus of research related to cetacean bycatch is that of understanding conservation and population level impacts. Further, assessment of criteria for "eco-labels" focus on the "sustainability" of fish stocks, inadequately cover protected species bycatch, and do not consider welfare at all. Such a narrow view, of both bycatch research and consideration of bycatch in eco-labels, which focus on conservation implications (of the targeted species) and ignore welfare concerns are at odds with the concerns of the general public. The general public assume, inaccurately, that fish certified as "eco-friendly" will also consider and deal with protected species bycatch. This may be part of the explanation why there has been so little action to address bycatch. Public opinion is strong against bycatch[^1^](#fn0001){ref-type="fn"} and the public do not accept that cetacean and other protected species bycatch is a tolerable "by-product" of fishing. Whilst an increasing number of fisheries are labeled as "sustainable" in European waters, this assessment focuses on fish stock sustainability. "Sustainable" does not necessarily mean that fisheries can also be considered responsible with regard to bycatch, with variable and often inadequate levels of bycatch assessment, monitoring, and mitigation. The levels of bycatch of cetaceans and other protected species are not well-understood because of poor bycatch management in the majority of fisheries \[see, for example, ([@B13]--[@B15])\] but known to be high in some where monitoring occurs (Birdlife International, in preparation). Hence, buying "sustainable" fish or indeed some fish products labeled "dolphin-friendly" provide no guarantees that incidental bycatch of protected species does not occur alongside the targeted catch[^2^](#fn0002){ref-type="fn"}. Consumers are concerned with the welfare standards associated with the fish they buy and negative effects for incidentally bycaught species and this is indicated by the growth of such "eco-labels" ([@B16]). Perhaps the most recognized example is the Eastern Tropical Pacific tuna-dolphin issue ([@B17]), where public outrage and pressure led to better practices and dramatically reduced dolphin bycatch (although problems still remain, identified below). A strong public concern about the welfare of cetaceans and other marine species incidentally caught in fishing gear has been demonstrated. Regardless, a review of Marine Stewardship Council (MSC) fisheries, where MSC is perhaps the best recognized of all existing fisheries certification schemes, has shown that poor bycatch monitoring and reporting hinders assessment of the impact of the majority of reviewed fisheries (28) on bycatch species (Birdlife International, in preparation).

As an indication of the scale of the bycatch problem within European waters, odontocete populations likely to be impacted in some parts of the Northeast Atlantic include harbor porpoise (*Phocoena phocoena*) in static nets ([@B18]--[@B23]) and in beach seines ([@B24]); common dolphin (*Delphinus delphis*) in trawls \[([@B25], [@B26]), and see case study below\] and bottlenose dolphin (*Tursiops truncatus*) ([@B27]). In the Mediterranean, there is evidence of population level impacts from bycatch on common and striped dolphin (*Stenella coeruleoalba*) ([@B10], [@B28]) and the demographically isolated population of sperm whale (*Physeter microcephalus*) ([@B10]) and in the Black Sea in static nets on an endangered sub-species of harbor porpoise, as well as bottlenose and common dolphin ([@B29], [@B30]).

Static fishing pot gear is a significant cause of morbidity and mortality for baleen whales, as well as nets. Entanglement in static fishing gear is the leading cause of detected mortalities of large whales in the Northwest Atlantic ([@B31]). Whilst data are limited in European waters, due to a lack of dedicated studies, there are indications that the post-whaling recovery rate of humpback whales (*Megaptera novaeangliae*) in Scottish waters may be hampered by the number of creel entanglements ([@B32]). Smaller minke whales (*Balaenoptera acutorostrata*) appear less likely to survive any entanglement than larger species, such as humpback whale ([@B33]). The welfare impacts associated with minke whale entanglements are discussed in more detail in the case study below.

Efforts to calculate the "sustainability" of removal through bycatch can be useful to identify those marine mammal populations where bycatch (and other causes of death) are likely to result in population level impacts. For example, in the United States ([@B34]--[@B36]) and for harbor porpoise in the Baltic Sea, North Sea and Dutch waters ([@B37]--[@B39]). These studies recognize that there are limitations, biases and caveats to this approach \[see for example, ([@B40])\]. The impediments to this statistical approach include the considerable uncertainty surrounding population and bycatch data in many parts of the world. Further, the mortality limits focus only on direct mortality and not indirect or sub-lethal effects and their possible population level consequences ([@B39]). Such an approach is a useful coarse statutory tool and has a role in identifying situations where bycatch is likely to be causing significant population level effects. As an example, the recent United States (US) Import Rule has been influential in identifying fisheries outside the US that import to the US. These non-domestic imports will be required to meet the bycatch standards of the US\'s own protected species regulations in coming years ([@B11], [@B41]). Bycatch legislation is, almost without exception, weaker in the rest of the world than in the US, so the US Import Rule is expected to provide an incentive to improve global bycatch measures. However, such an approach provides only part of the solution as the more subtle effects on populations over time require the development of finer-scale management tools and as such, implementation of the US Import Rule and other efforts to assess "sustainability" should be seen as a starting point for ongoing reduction in global bycatch and not as an end-point. Scheidat et al. ([@B39]) identify measures (including using the appropriate distribution for the porpoise population, rather than political boundaries, and considering cumulative pressures) to assess and implement population level measures as an interim objective, where the ultimate aim of ASCOBANS, the Agreement on the Conservation of Small Cetaceans of the Baltic, North East Atlantic, Irish and North Seas (discussed in more detail below), is to reduce the number of such deaths to zero.

Increasing scientific literature demonstrates a need to manage human activities not only to maintain cetacean populations, but also to minimize welfare impacts on individual animals. Population level effects may take a long time to manifest or to be determined, if at all \[for example, see ([@B42])\]. For those individuals that survive bycatch, but escape injured, the impact on their long-term welfare also has the potential to influence population level processes. Thus, estimation of "sustainability" based only on recorded or estimated deaths, without the consideration of sub-lethal welfare impacts across population level processes are inadequate. Whereas, animal welfare metrics can be observed in the short-term, thus enabling problems to be addressed more rapidly ([@B43]).

A broader and more ethical approach that tackles bycatch wherever it is known to occur, placing the highest priority on the fisheries with the largest bycatch, may be more effective from a welfare perspective, rather than only relating bycatch to population size and assessing whether it is "sustainable" before taking action ([@B43]). Improving measures to understand and reduce population level concerns would also reduce the number of individuals that suffer. Similarly, actions to optimize welfare can enhance conservation outcomes ([@B44]). A more balanced approach, where equal consideration is given to welfare and conservation, would comply with the emergent, and well-reasoned rational of "compassionate conservation" ([@B45], [@B46]).

The Treaty of Amsterdam contains a Protocol introducing legal obligations within the EU Treaty for parties to consider animal welfare in key areas of law and policy, recognizing the status of some species as "sentient beings" ([@B47]). As a result, there is a legal mandate and obligation to protect the welfare of sentient animals. In addition, it is asserted in the protocol that wild animals have intrinsic value. This highlights that while EU nations have a legal and moral imperative to address conservation issues caused by anthropogenic pressures, similarly there is also a legal and moral imperative to address animal welfare issues for sentient animals that arise as the result of anthropogenic pressures such as bycatch ([@B48]). Measures for protecting the welfare of sentient animals should be focused on optimally addressing animal needs for a particular set of circumstances by using animal-based measures based on the animal\'s perspective ([@B49]).

Considering the animal\'s perspective, here, we review the existing, compelling evidence of the extent of welfare impacts of cetacean bycatch globally, progress made toward implementation of welfare considerations in bycatch reduction, the welfare implications of bycatch mitigation strategies with a particular focus on the situation as it stands in European waters and case studies for two North East Atlantic cetaceans that face entanglement: common dolphins and minke whales.

Welfare impacts associated with bycatch {#s2}
=======================================

To examine the question of whether traditional bycatch management practices that focus on "sustainability" need to be improved to include consideration of animal welfare, here we consider the fishing gear involved, the process of capture and the types of injuries sustained in bycatch and entanglement, the longer term sub-lethal impacts for those that escape or are released and the wider social impacts upon conspecifics ([@B2], [@B50]--[@B52]). Some pertinent cases are summarized here.

Times to death or release from gear
-----------------------------------

The suffering of an odontocete captured in fishing gear is more likely to occur over a period of minutes or possibly hours. Porpoises can become enclosed rather than entangled and can still surface to breathe (such as in pound nets, herring weirs) ([@B53]) so might be trapped for longer, and can usually be released without apparent injuries. Baleen whale entanglements in fishing gear have been recorded to occur over much longer time periods. For example, the "very slow and likely extremely debilitating demise of the North Atlantic right whale averages 6 months, but there are cases that persist for multiple years" ([@B5]). Prolonged entanglement in fishing gear negatively affects the health and welfare of individual animals and can also lead to population level effects including reduced fecundity and survival ([@B54]).

Assessment of injuries sustained
--------------------------------

"There are clear differences in the types and degree of injuries received by bycaught cetaceans" ([@B50]), varying with species and with age ([@B8]). Pathological data for odontocetes indicate that the majority of bycaught cetaceans asphyxiate in the nets ([@B8]) or may drown. Before death, escape or release, injuries occur during interaction with the gear itself, through interactions with bycatch reduction devices or when the individual is hauled on board the fishing vessel ([@B55]).

Long-line fisheries can lead to entanglement of odontocetes and baleen whales and to injuries that result from depredation that include getting attached by one or more parts of the body to a baited hook (hooking) and entanglement in the fishing line. "Hooking is the result of a marine mammal being unable to dislodge itself from the hook, and the animal may remain attached to longline gear or break free, often with the hook still lodged in its mouth or other body part" ([@B56]).

Welfare assessment of stranded individuals has been studied directly resulting from fisheries in UK waters. "Post-mortem of 182 cetaceans stranded in the UK \[comprising 97 harbor porpoise, 80 common dolphin, three striped dolphin, one Risso\'s dolphin (*Griseus grampus*) and one minke whale\] from 1999 to 2005 found evidence of complex entanglements involving multiple parts of the body. External injuries included amputations (from entanglement or being cut free), broken maxillae, mandibles and/or teeth and internal injuries consisting of organ congestion, muscle tears and hemorrhaging (either from the gear or from the cetacean struggling)" ([@B8]).

Welfare assessment of free-swimming individuals demonstrated a high prevalence of injuries photographically in white-beaked dolphins (*Lagenorhynchus albirostris*) off the coast of Northumberland in the North Sea and off the coast of Iceland, from fisheries interactions and vessel strikes ([@B57], [@B58]).

Longer term health responses
----------------------------

Non-lethal entanglement in fishing gear is sufficiently stressful to cause both a behavioral and physiological stress response in baleen whales ([@B59]). Fecal glucocorticoid studies have shown markedly elevated stress hormone levels in a severely entangled right whale ([@B60]), the relationships between entanglement stress and metabolic rate are complex. Long-term stress from being chronically wrapped in gear may explain why examined whales were unable to fight off the initial insult of infected gear lacerations, most likely leading to their demise ([@B59]). Visual health assessment of North Atlantic right whales using photographs demonstrated that stress responses existed that may have impacted health and fecundity even after the gear is no longer attached ([@B61]). Ultimately entanglements can lead to eventual lethal trauma through a drawn-out cumulative loss of body condition and constriction of body parts, with or without secondary infection, with expected extreme pain associated ([@B5]). Entanglements of baleen whales that eventually lead to death after a long period of suffering are, arguably, one of the worst forms of human-caused mortality in any wild animal ([@B59]).

High levels of stress are anticipated during capture and the physical and psychological stress and injuries for individuals that escape may cause prolonged suffering and/or subsequent mortality ([@B51]). Documented effects for those that escape or are released from fishing gear include behavioral alterations, physiological and energetic costs, such as associated reductions in feeding, growth, or reproduction (i.e., individual fitness) ([@B51]), potentially leading to reduced long-term survival. The full impact on an individuals\' welfare and the extent to which this may affect mortality, life history events, and key biotic interactions and processes within the environment ([@B62]) are less well-known and so rarely, if ever, taken into consideration in sustainability analyses.

Wider reaching impacts on conspecifics
--------------------------------------

We are beginning to understand the implications that bycatch has for conspecifics. Due to the highly social nature of many odontocetes, survival and reproductive success can depend on social cohesion and organization, and the effects of social disruption caused by bycatch mortalities may go beyond the dynamics of individual removals and impede population recovery ([@B63], [@B64]). Wade et al. ([@B63]) suggest that the social and behavioral traits of some odontocetes may contribute to a lack of resilience in some populations, specifically where survival and reproductive success may depend on: (a) social cohesion and organization, (b) mutual defense against predators and possible alloparental care, (c) inter-generational transfer of "knowledge," and (d) leadership by older individuals.

One of the longest running and perhaps most informative studies of sub-lethal impacts resulting from fisheries interactions is from the Eastern Tropical Pacific (ETP). Despite a dramatic decrease in the number of northeastern offshore spotted dolphins (*Stenella attenuata attenuata*) and eastern spinner dolphins (*S. longirostris*) bycaught in this fishery, from more than six million to fewer than 1000 dolphins per year, the populations are not showing signs of recovery ([@B65], [@B66]). The rate of calf production has also been declining since the 1980s ([@B67]). Hypotheses to explain the lack of recovery ([@B66]) have included under reporting of kills by observers, cryptic effects of the fishery undetectable by observers, such as stress induced abortion, or the separation of mothers and calves ([@B68]). Permanently separated dependent calves may then represent unobserved mortality events which are a significant welfare concern since un-weaned calves may die of starvation following orphaning. This may partially explain the lack of recovery of depleted ETP dolphin populations ([@B69]) where, in the case of mothers dying, a calf or dependent juvenile must be assumed to become a secondary victim ([@B68]). There is also some evidence that setting nets on dolphins can result in miscarriage in pregnant females ([@B70]). It is plausible that the chase and encircling of the dolphins has hindered or prevented recovery in these populations, groups of individuals that show complex social structure \[([@B63]); Butterworth et al. in preparation[^3^](#fn0003){ref-type="fn"}\].

Observations of a bottlenose dolphin calf temporarily entangled in monofilament line showed immediate alterations in the behavior of the mother and calf, as well as conspecifics ([@B71]). A similar pattern of seemingly social avoidance by conspecifics following entanglement has occurred on a number of occasions \[([@B72]) and references therein\], where the costs of entanglement (e.g., infection, injury, energetic costs, inability to forage), are likely exacerbated. As well as causing distress to surviving family or social group members, the loss of key individuals may lead to the loss of important social knowledge ([@B73]). Frère et al. ([@B74]) examined genetic and social effects on female calving success (a partial measure of fitness) in bottlenose dolphins. They determined that both genetic and social factors contribute to variation in individual fitness related to female calving success. They posit that the influence of social relationships between females is consistent with either the social transmission of reproductive prowess, or with a type of homophily in which females with calves associate with other females with calves \[as suggested by ([@B75])\].

Progress toward implementation of welfare considerations in european bycatch reduction {#s3}
======================================================================================

The key regional scientific, legislative and policy mechanisms used to engage, collect and share data in European waters are reviewed here.

Post-mortem analysis to understand welfare impacts
--------------------------------------------------

Post-mortem analysis of stranded cetaceans and data from bodies collected from fishing boats provides the best opportunities for welfare assessment. Some injuries, such as external signs of acute entanglement, red or bulging eyes and multi-organ congestion, can be reliably used for bycatch diagnosis ([@B76]) and indicates the extreme conditions under which these cetaceans die. Strandings data provide an indication of the range of species that have been bycaught. For example, in UK waters, in addition to those species observed as part of the on-board bycatch observation scheme, stranded bycaught species have included minke whales, as well as long-finned pilot (*Globicephala melas*) and humpback whales. Collection of carcasses enables assessment of welfare implications and strandings can also provide an early indication of a newly emerging issue at sea, including bycatch from a novel source.

### European union legislation

Existing European Union legislation includes no explicit provisions for the protection of cetacean welfare from incidental bycatch ([@B8]). The European Council Directive 92/43/EEC (1992) on the Conservation of Natural Habitats and wild fauna and flora, the Habitats Directive \[Article 12(4)\], requires "*Member States shall establish a system to monitor the incidental capture and killing of the animal species listed in Annex IV (a)*" (which includes cetaceans) and secondly, "*In the light of the information gathered, Member States shall take further research or conservation measures as required to ensure that incidental capture and killing does not have a significant negative impact on the species concerned*." Despite the clear requirement of the Directive, measures to implement it remain largely inadequate.

After more than a decade of implementation of EC Regulation 812/2004 on the incidental catches of cetaceans, compliance is inadequate and subsequently, levels of dolphin, porpoise and whale bycatch in static and mobile fishing gear are not clearly known. The existing EU Regulation 812/2004 is not entirely fit for purpose and doesn\'t focus on appropriate fisheries to adequately assess bycatch in EU waters. Further, 15 out of 17 Member States implementation of the Regulation has generally been poor or moderate ([@B77]).

Despite plenty of evidence in recent years to demonstrate the flaws in Regulation 812, based on this and other EU scientific reports ([@B27], [@B78]--[@B83]), technical conservation measures drafted by the EU Commission ([@B84]) in March 2016 \[file 2016/0074 (COD)\] do not significantly improve them. The proposal incorporates the main mitigation and monitoring requirements contained in Council Regulation (EC) 812/2004 and a geographic extension of the mandatory use of acoustic deterrent devices (ADDs) to all sea basins (to include full coverage in the Baltic Sea and in South Western Waters and the West of Scotland \[DG ([@B85])\]. This file was considered by the European Council and Parliament, reports have been produced from each and discussions are currently in trilogue negotiations between them. Although amendments to account for and improve welfare standards in bycatch were put forward by a Member of the European Parliament Committee on Fisheries as amendments to the Fisheries Committee ([@B86]), these were rejected in a vote of the Committee of Fisheries. The amendments included "*ensure that the impacts of fishing on the welfare of animals are minimised and where possible eliminated"* (AM329)*, "The use of innovative fishing gears shall only be permitted if those assessments indicate that their use will not lead to negative impacts on animal welfare, sensitive habitats and non-target species*" (AM543) and "*Fish and other marine animals are sentient beings, and the Union\'s fisheries policies shall therefore pay full regard to the welfare requirements of these animals"* (AM251). More generally, under the Data Collection Framework, data on incidental bycatch of all birds, mammals and reptiles and fish protected under Union legislation and international agreements, including absence in the catch, needs to be collected during scientific observer trips on fishing ships or by the fishers themselves through logbooks. Where data collected during observer trips are not considered adequate to provide sufficient data on incidental bycatch for end-user needs, other methodologies need to be implemented by Member States. The selection of these methodologies shall be coordinated at marine region level and be based on end-user needs (DG ([@B85])\].

ASCOBANS
--------

ASCOBANS maintains the goal of reducing bycatch toward zero, an ambition that is motivated by welfare concerns. ASCOBANS produces species action plans that contribute to achieving this aim, including for harbor porpoise in the Western Baltic, the Belt and the Kattegat Sea ([@B87]), Baltic Sea ([@B23]) and North Sea ([@B88]) and a conservation plan for common dolphin (ASCOBANS, in preparation). Bycatch has been identified as the highest priority for action. An ASCOBANS Bycatch Working Group exists and a number of bycatch work streams and associated workshops have taken place[^4^](#fn0004){ref-type="fn"}.

Strandings remain on the agenda at ASCOBANS, where Resolution No.10 on Small Cetacean Stranding Response was passed at the most recent Meeting of the Parties ([@B89]). The Resolution calls on Parties to establish and fund strandings networks, including to conduct post-mortem examinations and to share data.

International whaling commission
--------------------------------

The IWC has a long history of dealing with cetacean welfare issues. The IWC Welfare Workshop ([@B3]) recommended a high priority be placed on developing effective entanglement mitigation and prevention measures, and until such time as that is developed, continue support for the palliative care offered by further developing the Global Whale Entanglement Response Network and database. The Workshop further recommended that a more detailed consideration is carried out on the implications of entanglement and bycatch for small cetaceans.

In evaluating the impacts on animal welfare, assessment should consider both the severity and the duration of negative health and stress measurements ([@B44]). The more recent IWC Welfare Workshop ([@B3]) recommended monitoring of wound healing, wound progression, and time to death in cetaceans in the wild that have incurred vessel-strike or entanglement injuries, in order to provide greater understanding of the welfare implications for individuals ([@B3]).

In 2016, an IWC cetacean strandings workshop concluded that an international Strandings Network, involving experts from a number of different countries, should be established. It could help to standardize data and mitigate impacts from man-made sources[^5^](#fn0005){ref-type="fn"}. IWC has now appointed a strandings coordinator.

Beyond large whale entanglements IWC also recognizes the severity of bycatch impacts on cetaceans and has now established a Bycatch Mitigation Initiative.

Welfare implications of bycatch mitigation strategies {#s4}
=====================================================

Marine mammal bycatch mitigation strategies encompass both the prevention and reduction of incidence and severity, and the first priority of any bycatch management strategy should be the prevention of entanglement or bycatch ([@B54]).

Recognizing the scale of bycatch, mitigation strategies have been developed in a number of fisheries. Mitigation options include management measures such as spatial or temporal management of fishing, and technical solutions including: modifying the gear, either to make it more visible (for example using acoustic devices) or reducing the likelihood of entanglement once a cetacean makes contact with the gear, or reducing the severity of entanglement (e.g., weaker line). Existing mitigation options have been reviewed in detail ([@B53]).

Banning or restricting fishing (including the use of closed areas or closed seasons) in areas used by cetaceans can be effective if properly enforced. The most generally effective mitigation of cetacean bycatch and entanglement is a reduction in effort, starting with those fisheries that have the largest bycatch ([@B53]). Reducing effort and bycatch would clearly also reduce welfare impacts. If reducing effort is not deemed possible then modifying gear or replacing gear types to reduce risk of contact or entanglement are the main strategies known to reduce risk of bycatch ([@B53]) and so would also reduce welfare impacts, as would minimizing gear loss and "wet" storage of gear at sea when not in use. The most promising solutions lie with the development of alternative gear to replace current fishing methods such as gillnets ([@B53]).

Some mitigation measures reduce the numbers of individuals killed but have additional impacts that can affect welfare. The use of active acoustic devices (such as pingers) has been demonstrated to successfully modify the behavior of some dolphins, porpoises and small whales to reduce the frequency of their interactions with gillnet fisheries ([@B90]). Pingers on drift nets successfully eliminated beaked whale bycatch in the Californian drift gill net fishery ([@B91]), where the species previously caught included Cuvier\'s beaked whales (*Ziphius cavirostris*), Hubb\'s beaked whales (*Mesoplodon carlhubbsi*), Stejneger\'s beaked whale (*M. stejnegeri*), Baird\'s beaked whale (*Berardius bairdii*), as well as unidentified Mesoplodon and ziphiid species. However, pingers may lead to displacement from important habitats, with unknown welfare implications or, theoretically if sources levels are loud enough, could potentially cause auditory damage ([@B92]).

There are also welfare concerns associated with some odontocete bycatch mitigation efforts that involve the use of trap doors, escape hatches and exclusion grids, that might be used to allow individuals to escape from a large net once a dolphin has entered. Behaviors exhibited by a number of species that interacted with a bycatch reduction device in a trawl net included the animal becoming caught in the mesh by fins, head or tail; the tail being caught or stuck in the exclusion grid; the animal remaining in the net after a stressful interaction with the grid or mesh; the animal continuing to move and remaining in the net motionless after stressful interaction with grid or mesh; and finally, of the animal being assumed dead, when potentially still alive ([@B93]).

Adaptive management principles would enable scientifically credible monitoring programmes to measure key performance indicators ([@B46]), enabling an understanding of the consequences of management decisions to make the appropriate decisions accordingly. As an example, van Beest et al. ([@B94]) found that a mix of pingers and spatial restrictions had the best effect on reducing bycatch and disturbance.

Case studies are provided here of the different issues faced by bycaught common dolphins and entangled minke whales in European waters and the associated welfare impacts.

Case study: common dolphin bycatch in european waters {#s5}
=====================================================

Bycatch has been identified as the greatest anthropogenic threat to common dolphins ([@B26], [@B95]--[@B97]) and at levels such that it may be having a population level effect in European waters ([@B83]). The most recent assessment ([@B80]) of the conservation status for the European Atlantic common dolphin population under Article 17 of the Habitats Directive was "Unfavourable-Inadequate". From a welfare perspective, a greater number of individuals bycaught from a large population is a greater concern than a smaller bycatch from an endangered population. Bycatch estimates from strandings data and observer programmes demonstrate that, whilst the figures vary from 1 year to the next, thousands of common dolphins have been bycaught in European fisheries each year over the last three decades ([@B26], [@B96]).

The highest levels of common dolphin bycatch were observed in the nets of mobile pelagic trawl fisheries (especially pair-trawls, where two boats fish with a net stretched out between them), with lower levels observed in static gillnet fisheries, although these may be equally significant as they may result in similar levels of total bycatch due to higher fishing effort by static net fisheries \[ASCOBANS, in preparation; ([@B83])\]. Many European countries operate fishing gear in the region. A number of fisheries are not adequately monitored for bycatch, despite clear indications that bycatch is occurring, including in the offshore fleet such as pelagic freezer trawlers, high vertical opening trawlers and some bottom set gill nets ([@B26]). The full extent of bycatch in European waters remains uncertain as monitoring occurs on a very small percentage of part of the fleet and dolphins bycaught further offshore may be less likely to come ashore, be reported and subsequently post-mortemed.

Injuries sustained
------------------

Data from on-board fishing vessels and stranded individuals provide important welfare information about impacts \[for example, ([@B8])\]. More than 41% of common dolphins suffered broken beaks and others had broken maxillae or mandibles (24.2%) and/or broken teeth ([@B8]). Broken beaks are thought to result from capture in mobile fishing gear, whilst finer net marks are a more obvious sign of capture in static fishing nets. The tail, pectoral fins and head/beak were more likely to have net marks than the dorsal fin. Amputations were noted frequently in common dolphins and harbor porpoises, but it was unclear whether these were due to entanglement in nets or from being cut free ([@B8]).

In general, a large proportion of bycaught cetaceans had generalized organ congestion (liver, kidneys, spleen, and adrenal glands) caused by reduced blood flow. Internal injuries can be inflicted by the fishing equipment and also by the cetacean struggling to free itself. Soulsbury et al. ([@B8]) note that since entrapped cetaceans typically make powerful dorso-ventral and lateral movements, these probably cause the hemorrhaging and tears in the longissimus dorsi muscle, which is the primary swimming muscle. Similarly, because the pectoral fins frequently become entangled, such movements will cause muscle tears and hemorrhaging in the peri- and subscapular areas, and torsion of the body leads to internal hemorrhaging of the thoracic rete mirabile.

Potential solutions
-------------------

Sea bass pair-trawling, other pelagic vessels and set-nets result in common dolphins deaths in large numbers each winter. Due to poor sea bass stocks, a ban has been in place on the pelagic trawl fishery for sea bass in the English Channel, Celtic Sea, Irish Sea and southern North Sea during February and March, since 2015. High levels of common dolphin bycatch were still documented in these months in the winters of 2016 and 2017. Therefore, it is necessary to conduct monitoring to understand in more detail which other parts of the fishing industry, in particular the offshore fleet that is largely unmonitored such as pelagic freezer trawlers, high vertical opening trawlers and bottom set gill nets, might also have dolphin bycatch.

Better monitoring is also required on a broader range of vessel sizes within the fleet, including vessels smaller than 15 m. Monitoring should be conducted using independent on-board observers or tamper proof video cameras (remote electronic monitoring) to understand which elements of the fleet require the implementation of mitigation measures. Compulsory reporting of all bycatch incidents by fishermen should be an additional requirement, recognizing that these data are necessary and can be used sensitively to inform future management.

In addition, simple changes to fishing practices might reduce bycatch. For example, fishing only during daylight hours and fishing in waters over a certain depth have been shown to prevent common dolphin bycatch in Galicia, Northwest Spain ([@B95]). All gillnet operators in the Coorong Zone in South Australia must cease fishing and move fishing operations at least five nautical miles away if there is any dolphin bycatch. The purpose of this measure is to encourage fishers to adapt their fishing practices on the water and reduce the risk of further dolphin bycatch by immediately moving away from the location of a dolphin bycatch event ([@B98]).

Evidence suggests that common dolphin bycatch may have decreased when loud pingers were voluntarily introduced on some nets in parts of the UK sea bass pair-trawl fleet ([@B99]). Trap doors have been trailed in some trawl fisheries to reduce common dolphin deaths. The welfare concerns associated with the use of both these mitigation options were discussed above and require consideration in developing a suitable solution to common dolphin bycatch.

Development of a multi-pronged approach is required to reduce bycatch---such as requiring electronic monitoring as well as reporting bycatch incidents. Mitigation measures might include a focus on implementation of benign mitigation measures, such as moving away when dolphins are spotted and not operating at night ([@B96]). Pingers might be trialed, and tested for effectiveness, for individuals missed during a scan from the bridge of the boat or for those that approach the vessel during fishing operations. Trap doors should only be implemented with adequate trials to monitor potential welfare impacts on individuals that become trapped but are able to escape through the trap door.

Efforts will need to be collaborative across the range of nations that fish in these waters and so the ASCOBANS Common Dolphin Action Plan (ASCOBANS, in preparation) may be an important starting point if countries invest.

Case study: minke whale entanglement in scottish waters {#s6}
=======================================================

About 50% of post-mortemed minke whales in Scottish waters have been diagnosed as having died due to entanglement in creel lines and other ropes ([@B100]) As many as 17.7% of identified minke whales observed at sea in the Hebrides show some evidence of previous entanglement between 2009 and 2011 ([@B101]).

A wider analysis between 1990 and 2010 demonstrated that the head is the body region most commonly found with scars indicative of entanglement, suggesting that minke whales may become entangled in fishing gear whilst feeding ([@B101]). Minke whale entanglements have a higher fatality rate and are less likely to be noted ante-mortem than humpbacks and other larger baleen whales because minke whales are less powerful swimmers and so may be less likely to reach the surface to breathe whilst entangled ([@B102]). Minke whales tend to become tethered in pot lines, rather than picking up and carrying the gear. Katona et al. ([@B103]) report a single observation of a minke whale in the North Atlantic surviving submerged for 17 min as it was being freed from a fish weir. Leaper et al. ([@B104]) discuss times to death, where the trauma associated with prolonged submersion until death in this species. Pathological changes have been noted in cetacean tissues associated with death from asphyxiation ([@B105]--[@B109]) and such signs are indicative of physiological stress and a potentially protracted dying process ([@B104]).

A cetacean entangled underwater is in a potentially terminal forced dive situation. The whale may adopt one of two strategies: induce a rapid and profound dive response (though it is difficult to identify an adaptive explanation for such behavior if the whale has been entangled and potentially perceives an opportunity to break free); or start to struggle. There is evidence of the latter behavior from tissue damage to entangled marine mammals ([@B104]). If the whale struggles frantically to free itself then this effort will require an increased oxygen supply to muscles. Whereas, a whale that does not struggle may show the accentuated bradycardia seen in forced submergence ([@B104]).

Potential solutions
-------------------

Adoption of ropes with lower breaking strengths (of 1,700 lbs or less) could reduce the number of life-threatening entanglements for large whales by at least 72%, and still be strong enough to withstand the routine forces involved in many fishing operations ([@B102]). Measures that might work for humpback whales if used throughout the fishery may not be useful for much smaller and lighter minke whales. Lines that are weak enough for minke whales to escape may be possible in some shallow, sheltered areas, where the pulling load is less when gear is being hauled back on-board the fishing vessel. Nevertheless, reducing the amount of fishing rope in the water column is likely to be the most successful entanglement prevention strategy. Rope-less technologies are being developed that may help reduce entanglements in the future if widely implemented.

In summary, the welfare issues identified for both common dolphins and minke whales are likely to be severe, and indicate that the welfare of all bycaught cetaceans is often very poor. Better monitoring is required to understand the extent of entanglement for both species. Tried and tested mitigation measures to reduce the welfare impacts for both species include reducing the amount of fishing gear in the water. Technical mitigation measures available for common dolphin bycatch in mobile gear have associated welfare issues that are yet to be resolved and reliable mitigation measures for whale entanglements in fishing rope are still under development.

Conclusions and recommendations {#s7}
===============================

It is the authors\' contention that policy decisions surrounding fishing and bycatch do not adequately consider the variety of welfare impacts of bycatch on cetaceans. Animal welfare considerations should be an integral part of conservation decision-making from both a robust scientific and an ethical perspective. To address the ubiquitous and considerable welfare issues arising from bycatch and entanglement, more robust and transparent management systems are urgently required, with the aim to better document and work toward eliminating bycatch altogether. As a result of the demonstrable suffering resulting from bycatch and entanglement, and in line with legislative mandates across the EU, animal welfare considerations should become a central tenant to fisheries policy-decision making. Activities that put animal interests at risk should be independently regulated. Changing the government\'s approach to welfare is an essential precondition to achieving legitimate and effective standards of animal protection ([@B110]).

Marine mammal bycatch mitigation strategies encompass both the prevention and reduction of incidence and severity, and the first priority of any bycatch management strategy should be the prevention of entanglement or bycatch ([@B54]).

A number of different stakeholders have valuable roles in eliminating welfare impacts. Fishers themselves can be encouraged or required to document and report entanglements, accommodate independent observers on-board or use electronic monitoring to collect and bring bycaught individuals to harbor for post-mortem examination and to implement bycatch solutions. Researchers have the role of analyzing post-mortem data of bycaught individuals, as well as monitoring population health of live individuals (for example, using photo-identification to understand scarring) and developing sophisticated measures for welfare assessment. Managers have the role to legislate for improvements in fisheries and bycatch data collection and prevention. Conservation and welfare groups can raise awareness amongst the public about their consumer choices and amongst politicians and decision makers to improve legislative measures to reduce bycatch and concurrently to improve welfare. Engineers can develop fishing techniques that do not have associated bycatch. Effective bycatch mitigation will require coordinated action by the range of stakeholders and actors to develop a combination of changes in fishing practices, modification of fishing effort, technological gear fixes and international agreements that, together, can monitor and mitigate bycatch ([@B111]).

Explicit policy decisions and rigorous implementation are urgently needed to bridge the gap between our poor understanding and the reality of what is happening at sea ([@B12]). Political motivation and transparent consideration of the sub-lethal costs of bycatch and entanglement in decision making are essential.

Bycatch is not intentional, but neither can it be regarded as entirely accidental and many fishermen are involved in strategies to reduce the incidental capture of cetaceans. The approaches required will often be fishery specific, and all solutions are dependent on positive relationships and involvement with fishermen. Participation of fishermen in the management process is necessary ([@B112]), bycatch reduction approaches can be implemented successfully from the bottom-up in the hands of fishermen ([@B113]). Incentive-based management measures are likely to be most effective to engage fishermen.

There is a great need for effective mitigation measures to address bycatch of marine mammals, including in gill-net fisheries ([@B114]) and there also remains an urgent need for better entanglement avoidance and disentanglement initiatives for baleen whales.

Where mitigation methods implemented result in welfare impacts, such impacts require monitoring to understand and evaluate the consequences. The sub-lethal effects of injuries caused as a result of bycatch and stress on fitness and the length of time to asphyxiation are not as well-understood as they might be. The social implications of individuals dying are a further area that would benefit from better knowledge. However, a higher priority would be to better fund research into effective methods to stop bycatch from occurring. In addition, information about its scale requires wider publicity and better public awareness.

To reduce suffering as a result of bycatch requires, a transparent, multi-taxa approach, a framework and timeframe to reduce bycatch, incentives for fishermen: encouraging implementation of best practice: i.e., reporting all incidences, as well as application of electronic monitoring and adaptive at-sea management.

Market-based mechanisms should include retailers and suppliers working with fisheries to improve transparency of practices and governance. As a component of this, certification schemes should include the mortality and welfare considerations of bycatch in their assessments of fisheries and clear labeling of the resulting fish products. A major effort to educate seafood consumers as to the chronic and widespread welfare concerns that marine mammal bycatch and entanglements represent would help achieve their mitigation through consumer pressure.

The MSC is undertaking a review of its Fisheries Standard in 2018 and 2019. A review of MSC\'s requirements for assessing the impact of fisheries on endangered, threatened and protected (ETP) species requirements will form a major part of the Fisheries Standard review, where the MSC recognizes the importance of providing robust protection for these species, and the need to address the cumulative impacts of a fishery upon them ([@B115]). Conservation and welfare groups efforts are increasingly focused on supermarkets, who have a powerful role in sourcing seafood and so can influence MSC and other "ecolabels" to continually improve their standards to account for bycatch more transparently and in a more consistent way, in their assessment and accreditation processes.

We argue that current policy decisions surrounding fishing do not adequately consider cetacean bycatch, including the welfare implications of bycatch. There are welfare issues in all bycatch situations and suffering cannot be reduced without preventing bycatch. The well-documented welfare implications of marine mammal bycatch provide a strong argument for zero-tolerance on cetacean bycatch and make a compelling case for immediate action to reduce bycatch toward zero. Uncertainties around the true magnitude of bycatch should not delay management decisions, icluding where bycatch is considered "sustainable."

To deal with these welfare issues, a clear, timelimited, and effective strategy is needed to identify the steps that are required by all fisheries to reduce bycatch toward zero ([@B12]) and this should include welfare specific legislation for marine species, as already exists for terrestrial mammals. There is strong scientific, ethical, consumer, and political mandate for animal welfare implications resulting from bycatch to become an integral part of fisheries policy and conservation decision-making.
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